Purpose: We evaluated the capability of MR in the diagnosis of anomalous pulmona ry venous connection (APVC).
veins has been revealed by several studies (2 , 4, 5 , 11 -15) . But little informations are available on the MR findings of anomalous p 비 monary venous connections in various imaging planes. And the accuracy of MR in the diagnosis of APVC should be further elucidated because the number of case materials in the previous studies was small (11 , 15) . The purposes of this study we re (a) to evaluate the accuracy of MR in the diagnosis of APVC in comparison with that of echocardiography and cardiac angiography, and(b) to r eport MR findings of APVC in various imaging planes
SUBJECTSand METHODS
Patients with echocardiographic or angiographic diagnosis of APVC were selected and referred to the radiology department for MR imaging. And patients with MR diagnosis of APVC without echocardiographic or angiographic one of APVC before MR imaging were also included in this study
The patient -group consisted of 19 patients(1 0 males and 9 females aged from 12 days to 23 years : mean 5.2 years) with APVC. Among them , 11 patients had total anomalous p 비 monary venous connection(TAPVC) and 8 patients had partial anomalous p 비 monary venous connection(PAPVC).
Journal of the Korean Radiological Society, 1994: 30(4) : [673] [674] [675] [676] [677] [678] [679] According to the classification of Darling et al. (16) , patients with TAPVC were classified into three groups There were 6 cases with TAPVC at the supracardiac level (3 to the left innominate vein , one to the left superior vena cava , one to the right superior vena cava and one to the azygos vein) , 4 at the cardiac level(3 to the coronary sinus , one to the right atrium) and one at the mixed levels (right upper and middle pulmonary veins to right superior vena cava and left common pul monary vein and right lower p 비 monary vein to right atri um , respectively) . Among the 11 patients , both preoperative and postoperative imaging were performed in two cases and postoperative imaging only in one case
The group with PAPVC consisted of 4 right upper and lower pulmonary veins to the right atrium , 1 right upper and middle p 비 monary veins to the right atrium , 2 right upper pulmonary vein to the right superior vena cava , 1 left upper pulmonary vein to the left innominate vein associated with cor triatriatu m.
Stenosis of common pulmonary vein was found in 3 TAPVC and stenosis with aneurysm of superior vena cava inone TAPVC Echocardiography was performed in all patients and cardiac angiography was performed in 6 patients with TAPVC and in 6 patients with PAPVC. APVC was confirmed operatively in 12 patients. In one patient with pulmonary atresia receiving staged operation , operatively -confirmed PAPVC was denconstrated on MR imaging after palliative surgery.
MR Imaging Technique MR imaging was performed on a O.5T superconductive system(MRT 50A: Toshiba Medical Co. , Tokyo, a b Japan) with a body coi l. Electrocardiogram(ECG) -gated multislice spin echo (SE) technique with echo time of 20 -30 msec was used. The interpulse interval (TR) was determined by the R -R interval of ECG of each patien t. Respiratory gating was not applied because of negligible effects of respiratory motion in a small number of patients. Chloral hydrate(75 -100mg/kg) was given orally or through rectum in young patients for sedation. In all patients, TI -weighted transaxial , coronal or oblique coronal images were obtained with a 4 -6mm slice thickness' In some patients , sagittal images were obtained additionally. In 4 patients , cine MR images along the longitudinal plane of a common pulmonary vein or an anomalous vein were obtained by field echo technique(echo time=22 msec , flip angle=20) with a 7 -8mm slice thickness.
Analysis of Echocradiography and Cardiac Angiography Echocardiography was performed before MR imaging in each case. I n 12 cases , both precordial echocardiography and cardiac angiography were performed before MR imaging. Echocardiography was done with a color doppler equipment(Acuson 128, Acuson Co. , California , U. S. A.) using either a 2.5 -or 3.5 MHz transducer by an experienced pediatric cardiologist(H. J. L.). Cardiac angiography and catheterization were performed by J. K. K. In 11 patients with presumed echocardiographic diagnosis of APVC , selective pulmonary arteriography was performed. In cases of APVC neglected by echocardiography , right side ventriculography was performed. In one case with TAPVC , retrograde vertical venography was performed. Ang 
Analysis of MR Findings
In 17 cases , MR imaging was performed for the evaluation of diagnostic accuracy of MR. Some of echocardiographic or angiographic findings such as existence of APVC and associated defects were informed to the radiologists( Y. H. C., H. S. K. , J. E. K.) during MR imaging. The MR diagnostic criteria of TAPVC were no demonstrable pulmonary venous connection to the left atrium and identification of the common pulmonary vein or pulmonary venous connection to the right atrium. The fv1 R diagnostic criteria of PAPVC were absence of one or more normal individual p 비 monary venous connections and identification of anomalous pulmonary venous connection sites.
MR was regarded as 'diagnostic ' only if there was a clear evidence of anomalous pulmonary venous connection with above criteria independently of the informations of echocardiography and cardiac angiography.
RESULTS
Table is the summary of patients data. AII the surgically proven 12 caes were accurately diagnosed with MR imaging (Figs. 1, 2) . In remaining pateints without TAPVC 's) . And in one case , an initial echocrdiography failed to diagnose the TAPVC to the right atrium and stenosis of the common p 비 monary vein , which was detected on the next examination. The levophase angiographic images were not enough for the diagnosis and determination of p 비 monary venous drainage sites i n two cases of T APVC with sm all p 비 monary arteries( Table 2) . And in one case with TAPVC , a selective p 비 monary venography was pertormed only in the right upper p 비 monary vein resulting in a suspicion of right -sided PAPVC , while MR accurately detected the TAPVC at mixed levels (Fig. 3) . In three postoperative patients with TAPVC , MR showed patent anastomosis between the common p 비 monary vein and atrium MR depicted stenotic sites of the common p 비 monary vein in 3 cases (Fig. 3) . Intraluminal high signal intenwity suggested slow flow of the common p 비 mon ary vein and the stenosis of common p 비 monary vein in case (Fig . 4) . Compression of common pulmonary vein between the anatomic structures seemed to result in stenosis of common pulmonary vein in two cases. Instead of Iying anterior to the pulmonary artery , the common p 비 monary vein passed between the left bronchus and p 비 monary artery in one case and passed posterior to the right bronchus in one case with right aortic arch. The common pulmonary veins below the stenotic segment were engorged and signal intensity of lungs increased on T1 wighted images suggesting p 비 monary edema. Stenosis of the left superior vena cava and aneurysmal change above the stenotic segment were also demonsrtrable on MR images in one case
In one PAPVC to the left superior vena cava, MR depicted associated cor triatriatum and a vestigial segment of the left superior vena cava draining into the coronary sinus as well on coronal sect ion (Fig. 5) In the case with a common pulmonary vein , pulmonary venous convergence into the common pulmonary 
DISCUSSION
In the diagnosis of congenital heart disease , twodimensional echocardiography plays a primary role , and in selected cases cardiac catheterization and angiography confirm the diagnosis. The combination of echocardiography and cardiac angiography still remain as a gold standard in the diagnosis of congenital heart disease. But this may not always be true in the cases with APVC . Poor far -field resolution , overlying lung and bronchial tissue and small field ofview hinder proper precordial echocardiographic evaluation ofpulmonary veins (8 , 11 , 17) . Cardiac catheterization and angiographic study highly depend on the informations 。 btained by echocardiography. In cases with or without correct echocardiographic informations about the pulmonary veins , poor levophase images of pulmonary veins and insufficient selective pulmonary venograms make the diagnosis difficult (11 , 18) . But this study indicates a high accuracy of MR imaging in the identification ofthe APVC . According to the several article (7 , 19, 20) , the detection of the TAPVC has been successful by using two dimensional echocardiography. Two -dimensional echocardiography with the Doppler flow analysis may be useful for the detection ofT APVC (19 , 21 , 22) . But in this study , precordial echocardiography appears to have limitations because among the surgically -proven cases , 0 미 y 67 % of TAPVC was correctly diagnosed at echocradiography. While transesophageal cross -sectional echocardiography or color flow mapping using a pediatric probe can successfully document the sites of p 비 monary venous drainage (8) , it is a semi -invasive procedure and has a I imitation of scanning planes Angiographic demonstration of TAPVC is limited when the p 비 monary blood -flow is decreased. The poor levophase images of pulmonary arterial i 미 ection make it difticualt to determine the draining site of p 비 monary veins correctly. With the lack of echocardiographic informations about the anomalous p 비 monary venous connection due to the inherent liπlitations of echocardiography , the angiographic evaluation of patients often results in insufficent studies. In this study, the lesions not suspected at echocardiography(two TAPVC ' s) have been also overlooked at the cardiac angiography. On the contrary , MR imaging depicted all cases of T APVC correctly
In one case with TAPVC at cardiac level , stenosis of common p 비 monary vein which had been initially overlooked at echocardiography, was correctly diagnosed at angiography and MR.
The typical findings of TAPVC on the axial MR images are 1) venous structures posterior to the left atrium(so the authors coined " the retroatrial vein sign" maybe specific for TAPVC) (2) , 2) smallleft atrium and In cases of PAPVC , separate drainage -sites of individual p 비 monary veins are well depicted on the sagittal images. Some misinterpretation of drainage site of PAPVC of upper pulmonary veins may result from the partial volume average artifacts between the contiguous pulmonary arteries and the superior vena cava or between the left atrial wall and pulmonary vems. Cor triatriatum has been reported to be depicted better on MR than echocardiography and cardiac angiography (11) . In this study , all modalities correctly diagnosed cor triatriatum.
In conclusion , MR imaging is effective in depicting annormal pulmonary venous connections. MR has a superior diagnostic accuracy compared with echocardiography and cardiac angiography in the diagnosis of anomalous pulmonary venous connections. 
